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The present invention relates to devices for
indicating the variations of pressure of the work-
ing fluld of an engine, and especially for automat-
ically tracing a diagram showing the value of the

.pressure of the working fluid in an engine either
as a function of time, or as & function of the vol-
ume of the mass of working flutd that is studied.

16 *The {nvention may also be used for producing

dlagrams of the pressure variations of fluids oper-
ating In refrigerating machines, pumps, compres-
sors, hydraulic machines, guns, fuses and other
apparatus,

15  The inventlon may {urther be applied to study

the turbulence of the flulds, to detect sounds and
ultra-audible vibrations, or to study mechanical
acceleratlons,

The devices usually employed for determining

2o rapid and perlodical variatlons of pressure such

as oceur in high speed thermal engines, may
be of two general types, those giving stroboscopic
indications and those comprising a very ight mov-
able armature and glving an instantaneous in-

25 dication. Devicés of the first type which only

glve a mean or average indication of the succes-
slve cycles, are not able to disclose sporadic anom-
alies, the study of which may be very important;
devices of the second type may be divided into two

30 classes, viz., devices giving optical indications and

devices producing a record by mechanical means.
Devices of the latter type (which have been al-
most completely abandoned) glve a diagram
which 18 extremely small and scarcely usable for

. 38 accurate measurements. As to the optical de-

vices, they hardly render possible a combination
of movements giving the pressure-volume dia-
gram. None of thdse apparatus renders it possi-

ble to study the varlations of pressure beyond 25 -
40 to 30 cycles per second.

The object of the present Invention i3 to obvi-
ate these disadvantages, - i

The essenilal feature of the Invention consists
In causing a ight beam. of predetermined shape

48 to 1a)} onto a reflecting face of o dlanihragm the

opposite face of which Is subjected to tiza pres-
sute of the fluld in the engine, and in causing the
reflected beam of Hsht frofa sald surface to act
on s Hght sensitiva device, praferably an electro-

" 80 optical device such as a photo-electric cell, re-

aponslve to varlations of the lght Aux per unit of
aven across sald redected beam. The Ught senal-
- Htve device is adapted to render perceptible the
variations of sald Ughi Aux. For instance if it

88 conatsts of & photo-electric cell it transfoims the
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variations of light flux into variations of an slec-
tric current which, after suitable amplification
produce displacements of a visible spot on a scresn

in the direction of a given axlis of coordinates, for

Instance by means of an oscillograph,

Means aré provided for cawsing sald spot to
move simultaneously on sald sereen ia the diree-
tion of another axis of coordinates in accordancs
with: varlations of any desired variadble, for in-
stance time, or the vohune of the mass of fuld
that is studled in the englne. |

The accompanying drawing shows, by way of
example, an apparatus for carrying out the pres-
ont {nvention. :

fig. 1 shows a diagrammatic view of the duvize
adapted for the study of the fhild vperating in the
cylinder of a piston. engine.

Fig, 2 shows a dlagram of the pressure a3 a
function of the volume, )

g, 3 1s a5 diagram showing the pre sure as a

function of time as delineated by the spot of light. ~

Referring now to Fig. 1, & thermal engine cyl-

inder 1, for example the cylinder of an Internal

combustion engine is shown, wierein the fluid
pressure varies under the action of a piston 2
connected to the connecting rod and crank drive

10

b
£

3
[~

ing the shaft 4, In the cylinder head is screwed

a small pressure chamber § commun!cating with
the interior of the cylinder by menns of the con-
duit T and closed by an elastic and regecting dia«
phragm §. - ’

A beam of light emlitted by a source of light
8 and rendered parallel, convergent or divorsend
by means of & suitable optical device, for example
& lens 9, fallz on the reflecting diaphragm, n
front of whick may be provided a screen, and is
reflected so as to fall on a photo-electric cell 18
in front.of which is placed a dlaphragm 1. The
photo-electric current furnished by a direct cuzr-
rent source, such as a storage hattery 12, passes
through an amplifier 13 such as for examois a
tricde valve amplifier, The output terminals of
the latter are connected to the Hirst o5 of dew
flecting plates i& of the cathodic oscillogranh
which cause the daflections of the r “hadie W
in tioe direction of the axis of pre o3 i3, in

40

mo2

the usual manner, the cathodle beam produces a -

fluorescent spot on the scizen 49 formad at th
end of the glass tube of the oscillosraph, “Ihe
pressure variations of the fuld contained In the
cyiinder § cause variations of curvature of the
dlaphragm § which works successively for in-

creasing pressures first like a concave, then like -

& plane, then itke a convex mlirror, nasmuch

&0

~as when the pressure is low In the chamber 8, &3
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. the sald diaphragm s externally concave, then

as the pressure increases it exhibits a plane sur-
face, and when the pressure still further in-
creases it presents a convex surface towards the
exterior. An Increase of pressure thus causes
an increase in the divergence of the reflected
beam and consequently a decrease in the lurainous
flux falling on to the cell 10 through the aperture
of diaphregm . A varlation of the photo-
electri¢ current is thus produced and causes 8 va-
riation of the voltage on the output terminals
of the amplifier 3. Xf the deformations of the
diaphragm and the variations of incident light in

. the cell are weak and the amplifier I3 without
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diztortion, the variations of the voltage applied
on the deviating plates 14 will be proportional
to the variations of pressure as will also be the
deflections ef the fluorescent spot on the sereen
10.

It Is obvious that, without altering the result,
there may be inserted in the path of both the in-
cident and the reflected beams any suitable op-
tical systems such as lenses modifying the con-
vergence of the beams of licht or mirrors or
prisms changing their direction.

The other pair of deflecting plates {86 give de-
flections of the fAuorescent spot on screen 40 in
the direction of the axis 17 of the coordinates
(Figs, 2 and 3).

When the arm of switch 18 13 on contact 183,
the voltage impressed on plates 6§ varles as a
function of time hut in synchronism with the
cycle of the engine, In other words, the voltage
impressed on plates 16 undergoes a succession of
increases or decreases, as a lnear function of
tiree, separated from one another by sudden, and
practically instantaneous, decreases or increases,
respectively, of said voltage, whereby the curve
showing the variation of sald voltage as a func-
tion of time has a saw-toothed shape, the period
of sald voltage variation being equal to, dr being
& multiple or a sub-multiple of, the pericd of the
cycle of the engine, Voltage variations of this
kind can be obtained through known oscillators,

for Instance a relxation oscillator of the type

. disclosed by French Patent No. 635,353.
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Such an oscillator includes a two-electrode tube
31, the flament of which is fed from ‘a source 32
through a rheostat 33. A source of continuous
current 34 the negative terminal of which is
connected to source 32 feeds current to the anode
of tube 31 through a condenser 35. A neon tube
3B and o small resistance 31 connected together
in series are connected, in shunt relation, to the
terminals of said condenser 35. An alternator 38,
keyed on the shaft 4 of the cngine, feeds an al-
ternating potential difference of relatively low
value to the terminals of resistance T

When the arm of switch (8 is on contact 18s,
the plates t6& of the oscillograph are connected
with the clrcuit of this oscillator and the dia-
gram 13- (Fig. 3) traced on the finorescent spot
on the screen 48 of the oscillograoh shows the va-
riation of the pressure of the working fluid in
the englne as s function of time. )

~When the arm of switch 18 is on contact 18,

the voltage varlations Impressed on plates 1§
of the osciliograph are produced by an alternator
28 keyed on the shaft 4 of the engine in such
mananer that the maxima and the minima of sald

yoltage correspond to the dead center Poasitions .

of plston 2. On the serean 40 of the oscillograph,
there will thus be obiained e éurve such as 24

{(Fig. 2), corresponding to the bressure. volume.

Anite length.

Finally, when the arm of switch 18 is on con-
tact 18b, the voltage varlations impressed on
the plates 16 of the oscillograph are proportional
to the displacements of piston 2, and therefore
to the volume of working fluid in the engine cyl-
Inder. These voltage variations are, for instance,
obtained as follows: :

A crank and connecting rod system 22 exactly
similar to the corresponding system 3 of the

dlagram In the case of a connecting rod of In-

10

engine is keyed on the shaft 4 of said engine and

drives an opaque shutter 23, displacing it in front
of a window 24; a source of light 25 riojects,
through the medium of a suitable optical ystem,
a light beam through the portion of the window
uncovered by shutter 23 and the beam of light
passing therethrough falls on a photo-electrie
cell 26. The current of cell 28, aniplified by the
amplifier 27 is fed through switch 18 to the
second pair of deflecting plates (6. By sultably
adjusting the dimensions of the window 24, the
result may therefore be obtained that the Inmi-
nous flux falling on to the cell 2§ will be propor-
tional to the volume of the fuid contained in the
cylinder. Under these conditions and if the
amylifier does not introduce any distortion, the
displacement of the spob on the screen in tha
direction of the axis 17 will also be proportisaal
to the fluid volume whizh permits of direely
obtaining the desired pressure volume diagram.

The system shown in Fig. 1 offers numerous
advantages particularly as regards the optical
device for studying the pressures.

Cne of the advantasos of the dovice resides
in the fact that it permits of reducing to &
minimum and even eliminating the nrejudicial
space between the intevior of the cylinder and
the Internal face of the diaphragm.

The diaphragm may be of variable thickness
according to the extent of the pressuzes to be
explored; it is made of a material which is as
little as possible subject to the variations of
elasticity as a function of the temperature and
1t may be maintained on a constant tempera-
ture by any sultable known means preferably
water circulation in the diaphragm or the ad-
Jacent parts; it may be of as small dimensions ag
may be desired and its natural frequency
may be reduced to as great an nxtent as it is
desired, for it s possible to electrically amplity
very slght varlations of convergence of the re-
flected beam of light.

Another advantage of this device resides {n
its complete insenstbility to the vibrations of the
engine, under the condition (which, morecver,
1s easily realized), that the redected beam of
light always covers the dlapbragm of the cell,
even under the conditions of maximum conver=
gence.

The deseribed devices offer besldes tha ad-
ventages of a total absence of ineriia, of the ab-
sznee of ~echanical confaction Lermitting of
investlgat .z rotary enzines or maac cle ane-

cines, and of easy and nccurate calthratina or o

{he seale of pressures by Lzans of a statle TCES=
sure which may be appllea to the diaphrogm
under the same thermal conditions.

It is “avious that the cathodie oscillegraph may

be repiaced by any other device permitting of T

dizplacing a spot of light on g sereen according
to two axes of coordinates as a function of two
electric variables, . .

We claim:

1. In connection with an engine Including a
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chamber in which s fluld undergoes rapld varia-
tions of pressure, sald chamber being provided
with an aperture (n one of its wells, & device for
indicating the variations of said pressure which
comprises, In combination, a diaphragm cne side
of which has a reflecting suriace, a diaphragm
carrier rdapted to be fixed directly to a wall of
said chamber so as to connect the other side of
said diaphragm -vith the inside of sald chamber
through sald apurture, means for projecting a
lizht beam of piredetermined shape onto sald
reflecting surface, a cathodic oscillograph, a
scen for the cathodic spot of sald oscillograph,
deviating means in sald oscillograph for displac-
ing sald cathodic spot parallelly to a axis of co-
ordinates of sald screen, photo-electric means,
responsive to variations of the light flux per unit
of area across the light beam reflected from
said surface of the diaphragm, for controlling
saild deviating means, deviating means in said
oscillograrh for displacing the cethodic spot
thereof parallelly to aihother axis of coordinates
of sald screen, and means for controlling the
last mentioned deviating means. .
2. In connection with an engine including a

‘chamber in which & fluld undergoes rapid varia-

tions of pressure, said chamber belng provided
with an aperiure In one of its walls, a device
tor indicating the variations of said pressure
#hich compiises, In combination, a diaphragm
one slde of which has a reficcting surface, 3
diaphragm carrier adapted to be flxed directly
to & wall of sald chamber so 23 to connect the
other side of sald dinphragm with the inside
of said chamber through sald aperture, raeans
for projecting a light beam of predetermined
shape onto said reflecting surface, a cathodie
nscillograph, & screen for the cathodic spot of
ssld oscillograph, a palr of plates in sald osclle
legraph for deviating sald cathodie spot paral-
lelly to an axis of coordinates of said screen in
accordance with the voltage Impressed on sald
plates, a photo-electric cell operative by the
light flux passing through a fixed section of the
light beam reflected from said surface of the
dlaphragm,’ meens, including an amplifier, for
connecting the electric terminals of said cell with
sald plates, another pair of plates In sald osclil-
jograph for deviating sald cathodic spot paral-
lelly to another axis of coordinates of said screen

- In accordance with the voltage Impressed on said

-

plates, and means for impressing voltage osctl-

lations on sald last mentloned pair of plates.

¥

3

3. A gdevice according to clalm 2 in which the
last mentioned means Include an alternator
driven in synchronism with the engine and means
for connecting the terminals of sald alternator
with said second mentioned pair of plates re-
spectively.

4. In the case of an engine including & cyllo= '

der, a piston movable in said cylinder, a shaft,
and means for interconnecting the reciprocating
relative movement of sald piston and said cylin-
der with the revolving movement of sald shaft, a
device according to claim 2 for indlcating the
variation of pressure in the chamber limited by
said piston and said cylinder, in which the last
mentioned means of claim 2 Includes, a photo-
electric cell, a source of iight adanted to project

.8 light beam onto sald last rationed ceil, &

shutter movable across the path of the last men-
tioned light beam, means operative by sald shalt
for imparting to said shutter with respest to
sald last mentloned lizht beam a movement
identical to the relative movement of sald vision
and sald cylinder, whereby the light fiux allowed
to flow past ssld shutter to sald iast menticnd
photo-electrie cell {s prorvortional to the volura
of sald chamber, and msans for connecting (i@
eleciric terminals of sald second mentionsd

photo-electrie cell to the second palr of plates,

respectively,

5. A device according to clalm 2, in which the ¥

last mentioned means comprise 8 relaznoion
oscillator adapted to give pérlodical varlations
of voitage which are linear o3 a function of time
and.the perlod of wihich corresponds to that of
the cyecle of the engine, means for synchranize
Ing sald oselllator-withy the cycle of satd » ;
and means for counling satd oscHlztor wita =o' f
second mentloned psiv of plabtes of said o0:-¢iilow
graph,

8. A device according to claim 2, In which tha 4

Inst mentioned means comprise a rel
cillator adapted to give periodical va e ot
voltage which are linear as s function of Liaa
and the period of which corresponsis to thint of
the cycle of the engine, an slternator operativeiy
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connected with sald enzine and counlad with s -

oscillator 50 as to synchrenize sald csellistor with
the cycle of zald engine, and means for coupling
sald ozeillator with sald second mentloned pair
of plates of sald oscillograph. .
MARCEL DEMONRTVIGNIER.
ANDRZE LABARTHR,
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